Objective: To develop a self-report questionnaire for patients with degenerative disorders of the foot to evaluate the usability of their orthopaedic shoes, and to assess the reproducibility and responsiveness of the instrument. Design: Development of the Questionnaire for Usability Evaluation of orthopaedic shoes was based on a literature search, structured expert interviews and a ranking procedure. A cross-sectional study was carried out to determine the reproducibility and internal consistency of the questionnaire. Setting and subjects: The study population comprised 15 patients with degenerative disorders of the foot, who had worn their orthopaedic shoes for at least 3 years and 15 patients with degenerative disorders of the foot, who had never worn orthopaedic shoes, but would receive them within 1 month. Results: Within the questionnaire 4 effectiveness items (pain, instability, callus, wounds), 1 efficiency item (putting on and taking off shoes) and 7 satisfaction items (pinch, slip, weight of shoes, cold feet, perspiration, maintenance, cosmetic appearance) were developed. All items in the questionnaire met the test-retest criteria. The smallest real difference ranged from 0.23 to 3.82 cm on a Visual Analogue Scale (10 cm). Cronbach's alpha's for the domains of pain and instability ranged from 0.70 to 0.92.
INTRODUCTION
Degenerative disorders of the foot are very common in older individuals. Population surveys have reported a 10-24% prevalence of self-reported foot abnormalities in adults, with the highest prevalence in women and in those of 65 years of age and older (1) . These foot complaints and abnormalities (e.g. hallux valgus, claw toes, metatarsalgia) may restrict ambulation, limit activities and adversely affect participation in daily life. For the above-mentioned degenerative disorders of the foot, orthopaedic shoes can be prescribed, especially in serious cases. A key feature of orthopaedic shoes is their usability.
Usability is defined in ISO 9241-11 as "the extent to which a product can be used by specific users to achieve goals with effectiveness, efficiency and satisfaction in a specified context of use".
Within the definition of usability, effectiveness is the accuracy and completeness with which users achieve specified goals. For example, a patient is able to walk to a supermarket without foot pain. The resources that are expended in relation to the accuracy and completeness with which users achieve goals are assessed to determine efficiency. Relevant resources may include mental or physical effort (for example, independently putting on and taking off orthopaedic shoes), time or financial costs. Satisfaction is defined as the comfort and acceptability of use and can be assessed in terms of attitudes to using the product (for example, how do patients feel about the cosmetic appearance or level of perspiration in their orthopaedic shoes?). Finally, the context of use refers to the physical and social environments in which a product is used. Measurement of usability is particularly important in view of the complexity of the interactions between the patient and his or her goals and the elements of the context of use, which can result in significantly different levels of usability for the same product when used in different contexts (2) .
Insight into the use and usability of rehabilitation technological aids can be obtained from the results of several evaluation studies described in the literature (3) . In these evaluation studies, more and more questionnaires are being used to establish the usability of rehabilitation technological aids. This is also the case in studies evaluating orthopaedic shoes prescribed for patients with degenerative disorders of the foot. One such questionnaire is the Foot Function Index (FFI), which measures the impact of complaints on foot function (4, 5) . Foot function is measured in terms of pain, disability and limitation of activities. All of the items are rated on a Visual Analogue Scale (VAS) and have satisfactory clinimetric properties. The FFI has been used in several studies, both in selected patient groups with generalized diseases (rheumatoid arthritis, osteoarthritis) and in patients with more localized foot complaints (heel pain, forefoot pain) (4, 5) . However, because the FFI focuses only on the foot function, no evaluation can be made of the usability of the orthopaedic shoes, as defined in ISO 9241-11.
Another questionnaire, the SERVQUAL (SERVice QUALity measurement scale), can be used to assess patient satisfaction with orthopaedic shoes (6) . In this questionnaire, consumer interests and experiences are assessed on a 5-point Likert scale. The questionnaire contains 30 items, covering 5 domains: tangibles, reliability, responsiveness, assurance and empathy. The SERVQUAL was used in the National Health Service in the UK, in rehabilitation, in hospital services, in nursing services and other healthcare services (6) . The subscales of the SERVQUAL were found to be internally consistent, and have a satisfying content validity and reliability.
Other researchers have used questionnaires that they have developed specifically for their study, instead of more generally applied questionnaires. Caravaggi et al. (7) measured patient acceptance of a therapeutic shoe using a VAS. Torkki et al. (8) used a self-designed questionnaire that measured the duration and intensity of foot pain, ability to work, cosmetic disturbance, footwear problems, health-related quality of life, satisfaction and costs related to foot care. Kelly & Winson (9) evaluated the use of ready-made insoles in the treatment of metatarsalgia. The assessment included a questionnaire consisting of VAS pain scores, estimated walking distance and VAS symptom relief scores. Fransen & Edmonds (10) evaluated the effectiveness of off-the-shelf orthopaedic footwear for people with rheumatoid arthritis using a questionnaire to assess chronic foot pain, in terms of self-reported pain and physical functioning. No further information about the properties and methodological quality of these questionnaires is available.
Although several instruments currently exist to measure pain and disability associated with foot problems or to measure patient satisfaction and acceptance of rehabilitation aids, none of the above-mentioned questionnaires quantifies all aspects of the usability (effectiveness, efficiency, satisfaction and context of use) of orthopaedic shoes. The purpose of this study was to develop a self-report instrument (questionnaire) to measure all aspects of the usability (effectiveness, efficiency, satisfaction, and context of use) of orthopaedic shoes in patients with degenerative disorders of the foot, which is reliable with regard to reproducibility and homogeneity.
METHODS

Development of the Questionnaire for Usability Evaluation of orthopaedic shoes
Collection of items. The development of the Questionnaire for Usability Evaluation (QUE) of orthopaedic shoes is based on the standard methodology for the development of questionnaires for research purposes, i.e. a literature search, structured expert interviews and a ranking procedure. In the literature search, articles and reference books were sought in MEDLINE , EMBASE (1970 EMBASE ( -2001 and the database of the Cochrane Collaboration Field "Rehabilitation and Related Therapies", using the following combinations of keywords: foot, ankle, osteoarthritis, claw toes, hammer toes, hallux valgus, metatarsalgia, plantar fasciitis, calcaneal spur, calcaneal bursitis, plantar fibromatosis, flat foot, cavus foot, shoes, orthopaedic shoes and orthopaedic footwear. In addition to this search, the reference lists of relevant publications were carefully checked. The initial selection of articles was based on the title and the content of the abstract. The following inclusion criteria were applied by 2 researchers (MJ and JdV): [1] studies concerning the evaluation of orthopaedic shoes and degenerative disorders of the foot; [2] published, full-length articles; [3] language: English, German or Dutch. The literature search resulted in the identification of 5 reference books (11) (12) (13) (14) (15) and 18 articles (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) . Based on this literature search, it can be stated that the concept of usability with respect to orthopaedic shoes has been explored only superficially. Little formal knowledge is therefore available. In order to obtain additional information from clinical practice, structured expert interviews were held with a group of rehabilitation specialists (n = 10), orthopaedic surgeons (n = 3), orthopaedic shoe technicians (n = 10) and patients with degenerative disorders of the foot (n = 10). These experts (specialists and patients) were interviewed about (foot) problems and aspects regarding orthopaedic shoes at the effectiveness, efficiency, satisfaction and context of use level relevant for the specific experts.
Selection and ranking of items. The same experts (n = 33) were asked to rank the usability items, based on 2 criteria: subjective experienced incidence of these usability items in clinical practice, and measure of relevance. The literature search, the expert interviews and the ranking procedure resulted in a list of 12 usability items, which could be measured by means of a questionnaire. These 12 items are: pain during daily activities, stability during daily activities, callus, wounds, pinch, slip, and weight of shoes, cold feet, perspiration, putting on/taking off shoes, maintenance and cosmetic appearance.
Based on these 12 items the first version of the QUE of orthopaedic shoes was developed, consisting of 2 parts (QUE pre-test and QUE post-test). The QUE pre-test should be completed before patients receive their orthopaedic shoes. It measures the current state of subjective experienced foot problems and shoe problems while the patient is still wearing ready-made shoes, and measures the expectations patients have with regard to the orthopaedic shoes they will receive. The QUE pre-test consists of 67 questions distributed over the 12 usability items. Pain during daily activities (standing, walking, climbing stairs, riding a bicycle, activities of daily life and work) [18] , stability during daily activities (standing, walking, climbing stairs, riding a bicycle, activities of daily life and work) [21] , callus [3] , wounds [3] , pinch [3] , slip [3] , weight of shoes [3] , cold feet [3] , perspiration [3] , putting on/taking off shoes [3] , maintenance [2] and cosmetic appearance [2] .
The QUE post-test measures the current state of subjective experienced foot and shoe problems of a patient who wears orthopaedic shoes, and has to be completed after the orthopaedic shoes have been worn for at least 3 months. The QUE post-test consists of 45 questions distributed over 12 items. Pain during daily activities [12] , stability during daily activities [14] , callus [2] , wounds [2] , pinch [2] , slip [2] , weight of shoes [2] , cold feet [2] , perspiration [2] , putting on/taking off shoes [2] , maintenance [2] and cosmetic appearance [1] .
Face validity (whether the questions, on the face of it, appear to be measuring the variables they claim to measure) was reviewed by experts from various fields: rehabilitation medicine, rehabilitation research, human movement sciences and orthopaedic shoe technology.
Response format. The QUE pre-test and the QUE post-test consist of questions at a dichotomous level (yes/no) and questions at an interval level (VAS). Each VAS question consists of a 100-mm line bounded by 2 anchor phrases denoting the extremes of possible answers. Patients indicated their answers by making a mark across the line. Pilot-testing indicated that the respondents understood the direction of the choices and how to fill in the answers.
Reliability characteristics of the QUE for orthopaedic shoes
The QUE pre-test and QUE post-test for orthopaedic shoes were tested for reliability, in terms of reproducibility and internal consistency.
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Reproducibility is defined as the ability to measure attributes in a reproducible and consistent manner when administered on several occasions to stable subjects (34) . Internal consistency refers to the statistical coherence of the scale items.
Study population. Thirty patients were recruited from the outpatient clinic of a rehabilitation centre. Inclusion criteria were: (i) degenerative disorders of the foot; (ii) wearing orthopaedic shoes for at least 3 years (n = 15; experienced group, who will fill in the QUE post-test) or will be wearing them within 1 month (n = 15; inexperienced group, who will fill in the QUE pre-test); (iii) able to read Dutch; (iv) over 18 years of age; and (v) in a stable phase of the degenerative foot disorders.
Design of the test-retest reproducibility study. Patients completed the first version of the QUE pre-test and QUE post-test in the outpatient clinic of a rehabilitation centre twice, with an interval of 2 weeks. It was not expected that any clinically relevant changes in the patients' health status would be found during this 2-week interval. Because of the diversity of the questions, the age of the study population (elderly people) and the time required to complete the QUE (/À30 minutes), it was expected that at the second occasion patients would not remember their first responses.
Data analysis. Reproducibility. Reproducibility refers to the agreement in scores between 2 measurements. This is quantified with Cohen's kappa and the intraclass correlation coefficient (ICC). Cohen's kappa represents the proportion of agreement. In general, with a kappa value of less than 0.40, the agreement is considered to be poor to fair, 0.41-0.60 indicates moderate agreement, 0.61-0.80 good agreement, and when kappa exceeds 0.80 the agreement is very good. The ICC is often preferred over the Pearson's correlation as a measure of reproducibility, because it combines systematic and random errors into a single statistic. In this study the ICC (absolute agreement, two-way random) model was used, measuring the degree of absolute agreement among measurements (36) . To detect longitudinal changes in time the standard error of measurement (SE m ) was calculated. The SE m provides an interpretation of the magnitude of this within-subject variability, which is also known as the error variance (34) . SE m is calculated according to:
Assuming that the 2 measurement errors are independent of each other, an interval or error band can be calculated, expressing the uncertainty of the difference between the 2 true scores. The difference between both measurements should be at least 1.96* p 2*SE m to be 95% confident of a real difference between the true scores. The quantity 1.96* p 2*SE m is called the "Smallest Real Difference" (SRD) and indicates the point where the difference between 2 consecutive assessments exceeds the measurement error or "noise".
Homogeneity. Homogeneity refers to the statistical coherence of scale items, and can be expressed in Cronbach's alpha correlation coefficients. This coefficient is based on the (weighted) average correlation of items within a scale, and indicates whether each item in the scale is contributing to the variance in the overall score. The internal consistency was only computed for the pain and instability items. The pain item consists of several sub-items (pain during standing, walking, climbing stairs, riding a bicycle, activities of daily life and work). Instability also consists of several sub-items (instability during standing, walking, climbing stairs, riding a bicycle, activities of daily life and work). The other items (callus, wounds, pinch, slip, weight, cold feet, perspiration, putting on/ taking off, maintenance and cosmetic appearance) have no sub-items. Internal consistency is considered to be good if Cronbach's alpha is higher than 0.70. However, because of the small study population (n = 15) the computed Cronbach's alphas in this study will give only an indication of the internal consistency of the pain and instability items.
RESULTS
Study population
The characteristics of the study population are summarized in Table I . There was no difference between the inexperienced group (n = 15) and the experienced (n = 15) group in age ( p = 0.289) or gender ( p = 0.705). The inexperienced group had a mean age of 61.5 years (SD = 14.4 years) and the experienced group had a mean age of 55.8 years (SD = 14.3). Both groups consisted predominately of women (9 females in the inexperienced group and 10 females in the experienced group) who were not working for various reasons. The most common reasons were that they had retired because of age or disability. The level of education was also comparable between the 2 groups.
Reproducibility
In this test-retest study, 3 aspects of reliability were examined. In Table II these reliability aspects are listed for the "inexperienced group", who filled in the QUE pre-test questionnaire, which had 20 questions at a nominal level that correlated significantly ( p < 0.05). Questions, which did not correlate significantly or were not relevant for 75% or more of this study population, were removed from the questionnaire. The Cohen's kappa of 9 questions was between 0.60 and 0.80 ( p < 0.05), which can be regarded as good, and for 11 questions the Cohen's kappa was above 0.80 ( p < 0.05), which can be regarded as very good. In the "inexperienced group" 1 person did not fill in the questions at interval level. As a consequence this person is omitted from the analysis for the calculation of the ICC and the SRD. The ICC for the interval items regarding the effectiveness ranged between 0.726 and 0.996, and for items regarding satisfaction it ranged between 0.835 and 0.990. Both of these ranges were considerably high. However, the SRD showed ranges of 0.42-2.67 for items of effectiveness implying that differences in VAS scores over 0.42-2.67 cm should be found before it can be concluded that there is a detectable change in effectiveness beyond measurement error can be concluded. The SRD for the item of efficiency showed a range of 1.22-2.44, and for the item of satisfaction a range of 0.70-2.70. Table III lists the reliability aspects for the "experienced group" of 15 patients who filled in the QUE post-test question- 
Homogeneity
In Table II the internal consistency of the pain and instability items are listed for the "inexperienced group", who filled in the QUE pre-test questionnaire. However, because of the small study population (n = 15) this can only give an indication of the internal consistency of the pain and instability items. The Cronbach's alpha for pain and instability items at a nominal level (yes/no) ranged from 0.82 to 0.87, and for pain and instability items at an interval level (VAS-scores), it ranged from 0.85 to 0.90. In Table III the internal consistency of the pain and instability items is listed for the "experienced group", who filled in the QUE post-test questionnaire. For pain and instability items at a nominal level (yes/no), Cronbach's alpha ranged from 0.70 to 0.82, and for pain and instability items at an interval level (VAS-scores), it was between 0.90 and 0.92. The Cronbach's alphas for pain are based on 6 sub-items (pain during standing, walking, climbing stairs, riding a bicycle, activities of daily life and work). The Cronbach's alphas for instability are based on 7 sub-items (instability during standing, walking, walking on a rough surface, climbing stairs, riding a bicycle, activities of daily life and work).
DISCUSSION
Assessment of person-perceived usability is essential when evaluating rehabilitation interventions such as orthopaedic shoes. In this study, usability was defined as "the extent to which a product can be used by specific users to achieve goals with effectiveness, efficiency and satisfaction in a specified context of use". There is no available questionnaire that quantifies all aspects of the usability of orthopaedic shoes. The purpose of this study was to develop a questionnaire to measure the usability of orthopaedic shoes in patients with degenerative disorders of the foot, based on the ISO 9241-11 definition of usability, which was reliable with regard to reproducibility and homogeneity.
The development of the QUE for orthopaedic shoes was based on a literature search, structured expert interviews and a ranking procedure. Since the purpose of this literature search was to make an inventory of possible items regarding the usability of orthopaedic shoes, no assessment was made of the methodological quality of the studies. Based on the systematic review it can be stated that the concept of usability with respect to orthopaedic shoes has been explored only superficially. To overcome publication bias 33 "experts" in the field of orthopaedic footwear were asked to provide additional information gained from their own clinical practice. It should be mentioned that this additional information is valid for the Dutch situation, and needs to be further examined before extrapolation to other countries. Since the literature does not report any data on the incidence of the usability items, the ranking of these items was carried out by the same experts and based on their experiences in clinical practice. An epidemiological study is recommended to identify objective rates of incidence.
The literature search, the expert interviews and the ranking procedure resulted in a list of 12 items to assess the usability of orthopaedic shoes.
Based on these 12 items, the Questionnaire for Usability Evaluation of orthopaedic shoes was developed, consisting of 2 parts (QUE pre-test and QUE post-test). The QUE pre-test (final version) consists of 56 questions, and measures different aspects of foot complaints and the expectations inexperienced people have with regard to the effectiveness, efficiency, satisfaction and context of use of their orthopaedic shoes. The QUE post-test (final version) consists of 45 questions, and measures different aspects of foot complaints and the experience people have with regard to the effectiveness, efficiency, satisfaction and context of use of their orthopaedic shoes. Pilottesting indicated that the patients understood the direction of the choices and how to fill in the answers. Within this pilot-study patients filled in the questionnaire and were later interviewed about the comprehensibility, direction of choices and how to fill in the answers stated in the questionnaire. However, this was not formally tested. Face validity was based on the experts' judgement of the items. The experts came from various fields: rehabilitation medicine, rehabilitation research, human movement sciences and orthopaedic shoe technology. In future studies the currently available questionnaire needs to be examined by linking the items to the ICF reference framework. Thus it is possible to link the QUE to other already existing instruments.
The test-retest reliability of the QUE was also satisfactory, compared with the reliability of the Dutch version of the FFI (ICC = 0.70-0.83). However, the FFI focuses only on the foot function, and does not provide any information about the usability of orthopaedic shoes.
Reproducibility coefficients, expressed as a dimensionless number between 0 and 1, do not lend themselves to a straightforward interpretation. For this purpose the SRD is better suited. The SRDs are expressed in the same dimensions as the questions in the QUE pre-test and QUE post-test.
In this study some of the SRDs were found to be relatively large (up to 27% of the total VAS scale). However this is not a problem, because patients with degenerative disorders of the foot have severe pain before they are provided with orthopaedic shoes, which results in high VAS scores. The goal of prescribing orthopaedic shoes, however, is to reduce a lot of the pain they experience during their daily activities.
The other way to test the reliability of a questionnaire is to calculate Cronbach's alpha. The internal consistency (based on Cronbach's alpha) of the QUE was also satisfactory, compared with the FFI (a = 0.88-0.94) and the SERVQUAL (a > 0.70). However, it should be mentioned that, because of the small study population (n = 30), the Cronbach's alphas calculated in this test-retest study give only an indication of the internal consistency of the pain and instability items. Further investigation in a larger study population will be necessary to draw firm conclusions with regard to the internal consistency. It is then also possible to analyse the results using other psychometric methods including factor or principle component analysis.
Based on this study, it can be concluded that the QUE assesses all aspects of the usability (effectiveness, efficiency, satisfaction and context of use) of orthopaedic shoes, which no other J Rehabil Med 36 questionnaire does. Four items were developed within the domain of effectiveness (pain, instability, callus and wounds), one item was developed within the domain of efficiency (putting on and taking off orthopaedic shoes) and 7 items were developed within the domain of satisfaction (pinch, slip, weight of shoes, cold feet, perspiration, maintenance and cosmetics). All the above-mentioned items relate to various different aspects of the context of use. Furthermore, the QUE can be considered as a reliable questionnaire with which to assess the usability of orthopaedic shoes, also compared with other, more generic questionnaires. The multidimensional structure of the QUE should provide a good rationale to evaluate the usability of orthopaedic shoes. The number of problems a patient experiences while putting on and taking off their orthopaedic shoes Satisfaction Pinch The sticking, squeezing of the shoe Slip
APPENDIX
The occurrence of slipping of the heel in the shoe Weight
The experienced (subjective) weight of the shoe Cold feet
The occurrence of cold feet Perspiration
The occurrence of perspiration Maintenance
The difficulties experienced in the maintenance of orthopaedic shoes (e.g. polishing, cleaning, repairing) Cosmetic appearance Do patients find their shoes ugly or beautiful?
